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INTRODUCTION 


The  Department  of  Defense  (DOD)  has  dictated  new  magazine  security 
requirements  that*  among  other  considerations,  call  for  entry  lighting 
and  intrusion  detection  systems  (IDS),  both  of  which  require  electrical 
power.  As  a  result  NCEL  has  undertaken  efforts  to  develop  and  test 
photovoltaic  power  systems  (PPS)  to  provide  power  for  security  lighting. 
Past  tests  of  lighting  systems  have  included  an  incandescent  bulb  with 
an  in-line  inverter,  a  12-volt  fluorescent  bulb,  and  a  12-volt  low  pres¬ 
sure  sodium  lamp.  During  FY82  a  24-  to  48-volt  high  pressure  sodium 
(HPS)  lamp  was  tested. 

NCEL,  in  its  effort  to  satisfy  the  DOD  requirements,  has  addressed 
the  development  and  proof  of  concept  of  using  high  efficiency  lighting 
fixtures  for  security  lighting  using  PPS  as  the  power  source.  Since 
entry  lighting  is  expected  to  be  more  energy  intensive  than  IDS,  a  PPS 
developed  to  meet  the  lighting  requirement  can  be  easily  sized  to  accept 
the  additional  load  for  an  IDS  without  greatly  increasing  the  size  and 
cost  of  the  PPS.  Therefore,  development  of  physical  security/PPS  sys¬ 
tems  have  emphasized  the  lighting  application. 

The  HPS  lamp  tested  was  housed  in  an  explosion  proof  fixture  designed 
for  use  in  the  mining  industry.  This  fixture  prevents  the  intrusion  of 
explosive  gases  or  dust  particles  into  the  vicinity  of  the  bulb  and  cir¬ 
cuits  driving  the  bulb.  Additionally,  the  fixture  is  stressed  to  contain 
fragments  resulting  from  bulb  failure.  As  this  fixture  is  designed  for 
use  within  mine  shafts  where  explosive  gas  and  dust  dispersions  are  typ¬ 
ical  hazards,  it  is  felt  the  fixture  will  provide  more  than  adequate 
explosion  protection  when  deployed  outside  magazines  in  the  ambient  en¬ 
vironment. 

PPS  is  a  solar  energy  collection  system  that  converts  solar  energy 
(photons)  directly  into  electricity  and  makes  this  electrical  power  avail¬ 
able,  as  needed,  24-hr/day.  For  DC  loads,  a  typical  PPS  is  composed  of 
photovoltaic  (PV)  modules,  batteries  for  electrical  power  storage,  and 
voltage  regulation.  AC  loads  require  the  addition  of  power  conditioning 
(inverter).  PPS  can  reliably  provide  electrical  power,  but  costs  are 
high;  an  installed  system  properly  designed  for  a  20-year  life  can  cost 
up  to  $25  for  a  watt  of  peak  power.*  However,  the  high  costs  can  be 
justified  for  small,  remotely  located  electrical  power  requirements  where 
utility  (grid)  power  is  not  available  and  the  costs  of  supplying  grid 
power  approach  or  exceed  that  of  PPS. 


*Peak  power  refers  to  the  maximum  power  output  of  the  PV  panels  when  fully 
illuminated  by  the  sun. 


BACKGROUND 


As  the  threat  of  terrorist  activities  increased  throughout  the  world 
and  in  the  United  States,  concern  arose  that  the  conventional  arms  stored 
in  DOD  magazines  (arms,  ammunition,  and  explosives  -  A,A&E)  would  fall 
into  the  hands  of  terrorist  groups.  DOD  redefined  security  criteria  for 
A,A&E  and  prioritized  physical  security  upgrades  at  magazines  in  the 
following  order: 

1.  Hardening  (new  doors,  locks,  vent  vans  as  required) 

2.  Fencing  (chain  link  fences  around  magazines) 

3.  Intrusion  detection  systems  -  IDS 

4.  Entry  lighting 

The  Naval  Sea  Systems  Command  (NAVSEA)  allows  about  300  magazines 
(out  of  a  total  of  about  6,000  magazines  in  the  Navy)  to  be  upgraded 
each  year.  Magazines  to  be  upgraded  are  prioritized  according  to  the 
sensitivity  of  the  ordinance  stored  in  them.  There  are  four  general 
classes  of  A,A&E  stored  in  magazines.  The  most  sensitive  ordinance  is 
Category  I,  which  includes  shoulder-fired  weapons  designed  to  provide 
air  defense  for  ground  troops  against  fighter  aircraft.  All  Category  I 
magazines  have  been  modified  to  meet  the  first  and  second  upgrade 
requirements  -  hardening  and  fencing. 

The  remaining  ordinance  classifications  include  Category  II  -  full 
automatic  weapons;  Category  III  -  nonautomatic  arms;  and  Category 
IV  -  shotguns,  handguns,  and  other  such  weapons.  These  magazines  will 
be  upgraded  as  funds  become  available.  There  are  about  900  magazines  in 
Category  II  and  probably  about  4,800  magazines  in  Categories  III  and  IV. 

Typically,  security  upgrades  cost  about  $5,000  per  magazine.  Hard¬ 
ening  and  fencing  are  addressed  first,  and  IDS  and  entry  lighting  are 
relegated  to  a  secondary  consideration  because  both  require  electrical 
power.  Magazine  complexes  do  not  generally  have  utility  grid  power 
available  for  reasons  of  safety  and  access.  Magazines  are  generally 
located  in  remote  areas  on  land  that  does  not  have  priority  for  other 
purposes,  and  also  they  are  usually  placed  in  areas  where  accidental 
explosions  will  not  have  major  consequences.  This  constraint  can  place 
magazines  miles  from  other  facilities  and  the  attendant  grid  powerlines. 
However,  the  absence  of  powerlines  enhances  safety  as  the  danger  from 
fire  and  explosion  caused  by  electrical  sparks  and  downed  powerlines  is 
removed.  The  Navy  finds  that  the  vast  majority  of  magazines  under  its 
jurisdiction  do  not  have  access  to  the  grid  when  it  is  necessary  to  equip 
magazines  with  security  upgrades  that  require  electrical  power. 

The  cost  of  making  grid  power  available  to  magazines  can  be  prohib¬ 
itive.  Overhead  lines  would  have  to  traverse  several  thousand  feet  to  a 
few  miles,  in  some  cases  over  rough  terrain,  in  order  to  reach  the  maga¬ 
zine  complex.  As  a  safety  precaution  the  powerlines  would  have  to  be 
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trenched  to  the  magazine  over  the  last  50  feet.*  It  is  difficult  to 
project  how  much  money  would  be  required  to  supply  grid  power  to  maga¬ 
zines  because  the  distance  to  be  traversed,  the  type  of  terrain,  and  the 
number  of  magazines  per  complex  can  vary  greatly.  However,  a  ballpark 
estimate  for  overhead  powerlines  is  about  $5/ linear  ft.  The  overhead 
lines  will  likely  require  primary  wires  sized  for  about  5  to  10  KVA. 

The  trenched  cable  would  cost  about  $10  to  $15/linear  ft  for  a  24-inch 
deep  trench  with  concrete  encased  cable.  Some  transformers  would  be 
required  costing  roughly  $5,000  for  each  magazine  complex  where  a  step- 
down  in  voltage  from  5,000  to  220  or  110  volts  is  required.  So,  the 
cost  per  magazine  will  be  at  least  $500  for  trenched  power  cable  plus 
the  amortized  cost  of  overhead  lines  and  transformers.  Also,  an  AC  to 
DC  power  supply  would  be  required  for  each  IDS  installed,  which  could 
cost  an  additional  $2 00 /magazine. 

Since  the  need  for  electrical  power  at  magazines  is  for  entry  lights 
and  IDS  only,  the  required  load  is  quite  small.  IDS  will  require  just  a 
few  watts  (less  than  5  watts)  and  entry  lights,  even  the  roost  inefficient 
ones,  will  require  about  100  watts.  Thus,  making  grid  power  available 
at  magazines  calls  for  a  high  dollar  cost  to  serve  a  relatively  small 
load. 


PROGRAM  SUMMARY 

The  PPS  array  has  twelve  modules  and  eight  batteries  that  can  be 
easily  wired  in  series  and  parallel  combinations  to  provide  DC  power  in 
increments  of  12  volts.  Power  can  be  supplied  to  DC  loads  or  to  AC  loads 
through  use  of  an  inverter.  During  the  initial  phases  of  the  test  pro¬ 
gram  only  AC  lamps  were  evaluated.  However,  the  need  for  an  inverter  in 
the  powerline  creates  high  inefficiencies  (30  to  50%  losses)  in  the  over¬ 
all  system.  Therefore,  efforts  were  undertaken  to  develop  high  efficiency 
lamps  that  could  use  DC  directly  available  from  the  PPS  and  obviate  the 
need  for  inverters. 

During  FY82,  under  contract  to  NCEL,  ROSHOK  of  Boulder,  Colo.,  devel¬ 
oped  a  high  pressure  sodium  (HPS)  lamp  with  a  ballast  that  could  accept 
direct  current  over  a  range  of  voltages  from  18  to  60  VDC.  This  allowed 
the  lamp  to  be  driven  by  PPS  with  nominal  voltages  of  24,  36,  and  48  VDC, 
providing  a  great  deal  of  flexibility  in  configuring  the  PPS  for  the 
lamp.  ROSHOK  delivered  five  lamps  to  NCEL.  Tests  showed  that  these 
lamps  were  compatible  with  PPS  and  provided  enough  light  to  meet  NAVSEA 
physical  security  requirements  for  magazine  entry  lighting  (0.2  foot- 
candles  on  vertical  walks**) .  However,  the  lamps  did  experience  failures 
due  to  problems  with  the  electronic  circuitry  delivering  power  to  the 
ballast  and  the  HPS  bulb.  ROSHOK  is  continuing  development  of  ballast 
circuits  for  HPS  lamps.  New  designs  will  use  12  VDC  power  and  will  be 
available  for  test  and  evaluation  in  FY83-84. 


*No  overhead  lines  are  allowed  to  be  within  50  feet  of  the  magazine  to 
assure  that  no  downed  powerlines  can  fall  across  the  magazine. 

*  *  N A VAMP  RO  ENGC  EN  CRANE  IN  msg  171550Z  of  Mar  81. 


DISCUSSION 


Approach 

Since  the  electrical  load  required  by  physical  security  upgrades  at 
magazines  is  low,  an  optional  power  source  to  be  considered  is  PPS.  In 
this  approach,  PPS  would  be  installed  on  each  magazine,  providing  each 
unit  with  an  independent  power  source.  This  adds  desirable  redundancy 
to  the  security  of  magazine  compounds  in  that  the  entire  complex  is  not 
dependent  on  one  power  source  (grid  power),  which  can  be  periodically 
interrupted.  The  IDS  would  probably  be  coupled  with  an  RF  link  to  moni¬ 
tor  the  system.  The  electrical  power  required  by  the  IDS/RF  link  would 
be  a  few  watts.  Several  options  are  available  to  provide  entry  lighting 
at  the  magazine  door.  Among  the  choices  are  incandescent,  mercury  vapor, 
fluorescent,  and  sodium  lamps.  In  past  experimental  tests  at  NCEL  (Ref  1 
and  2),  incandescent  and  fluorescent  lamps  have  been  shown  to  be  compat¬ 
ible  in  operation  with  a  PPS.  However,  incandescent  lamps  do  not  effi¬ 
ciently  convert  electrical  power  into  light;  and  fluorescent  lamps, 
although  more  efficient,  have  a  troublesome  temperature  dependency  that 
makes  them  difficult  to  activate  and  operate  efficiently  in  cold  weather. 
High  pressure  sodium  lamps  do  not  exhibit  this  temperature  dependence 
and  are  among  the  most  efficient  lamps  available.  During  FY82  efforts 
were  made  at  NCEL  to  adapt  the  HPS  lamp  to  operation  with  DC  power  avail¬ 
able  from  PPS. 

Practically  all  commercially  available  lamps  are  designed  to  operate 
off  AC  power  with  the  exception  of  various  fluorescent  lamps  made  avail¬ 
able  for  the  recreational  vehicle  and  boating  industries.  Operation  of 
HPS  with  DC  power  requires  a  ballast  design  that  can  accept  the  DC  cur¬ 
rent.  Efforts  were  made  to  locate  a  vendor  for  an  HPS  lamp  system  that 
could  accept  DC  power.  Only  one  vendor  was  found  that  could  respond  to 
this  requirement. 

ROSHOK,  of  Boulder  Colo.,  is  a  vendor  for  HPS  lamps  that  can  operate 
off  primary  batteries  for  use  in  the  raining  industry.  These  lamps  usually 
operate  at  voltages  higher  than  typically  used  in  PPS.  However,  ROSHOK 
modified  its  ballast  design  to  accept  DC  voltages  from  24-  to  48-volt 
PPS.  During  FY82  this  lamp  design  was  submitted  to  operational  tests 
with  a  PPS  at  NCEL, 

PPS  Test  Facility 

Flexibility  was  designed  into  the  PPS  in  order  to  easily  evaluate 
the  operation  of  a  number  of  lamps  at  various  system  voltages.  To  this 
end,  the  PPS  array  has  a  variable  tilt  mechanism  to  adjust  the  seasonal 
collection  efficiency  as  required  by  the  load.  The  batteries  and  modules 
are  connected  to  terminal  strips  inside  a  junction  box  (Figure  1),  which 
allows  the  PPS  to  be  rapidly  reconfigured  to  any  voltage  level  in  nominal 
increments  of  12  volts.  Terminal  strips  for  instrumentation  and  lamps 
are  also  included  in  the  terminal  box. 

The  photovoltaic  modules  as  originally  deployed  for  initial  lamp 
tests  are  shown  in  Figure  2.  During  the  Memorial  Day  weekend  of  1982, 
five  of  the  PV  modules  were  broken,  apparently  by  vandals  throwing  rocks 
from  outside  the  woven  wire  fence  around  the  NCEL  compound.  As  a. 
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precaution  against  further  breakage,  a  chicken  wire  screen  was  erected 
over  the  PV  modules  as  can  be  seen  in  Figure  3,  The  entire  PPS/lamp 
test  facility  is  shown  in  Figure  3.  The  structure  to  the  rear  of  the 
PPS  is  a  4x8-foot  sheet  of  3/4-inch  plywood  with  the  top  edge  at  10  feet 
of  elevation  used  to  simulate  a  large  magazine  door.  The  lamp  at  the 
top  of  the  structure  is  a  ROSHOK  HPS  lamp.  The  two  lamps  on  either  side 
are  low  pressure  sodium  (LPS)  lamps  made  by  Bodine  Engineering,  Memphis, 
Tenn.  The  Bodine  lamps  were  not  submitted  to  quantified  testing  during 
FY82;  operational  lamp  testing  during  FY82  only  addressed  the  HPS  lamp 
because  the  HPS  system  produce  a  broader  color  spectrum  of  light  and,  in 
general,  have  better  conversion  (electrical  power  to  light)  efficiencies 
through  LPS  systems.  Also,  LPS  lamps  have  a  troublesome  temperature 
dependence  that  inhibit  lamp  performance  at  low  temperatures  making  them 
less  desirable  in  cold  climates;  so  HPS  systems  have  more  potential  for 
wide  deployment  in  cold  as  well  as  warm  climates. 

HPS  Lamp  Characteristics 

HPS  lamps  belong  to  the  general  classification  known  as  electric- 
discharge  lamps.  In  this  type  of  lamp,  light  is  produced  by  the  passage 
of  an  electric  current  through  a  vapor  or  gas.  The  application  of  an 
electric  potential  ionizes  the  gas  and  permits  current  to  flow  between 
two  electrodes  located  at  opposite  ends  of  the  lamp.  The  electrons, 
which  comprise  the  current  stream  or  "arc  discharge,"  are  accelerated  at 
tremendous  speeds.  When  they  collide  with  the  atoms  of  the  gas,  or  vapor, 
they  temporarily  alter  the  atomic  structure.  Light  results  from  the 
energy  given  off  as  the  disturbed  atoms  return  to  their  normal  state. 

In  HPS  lamps,  the  gas  utilized  is  vaporized  sodium.  The  arc  tube 
contains  xenon  as  a  starting  gas  and  a  small  quantity  of  sodium-mercury 
amalgam,  which  is  partially  vaporized  when  the  lamp  attains  operating 
temperature.  The  mercury  acts  as  a  buffer  gas  to  raise  the  gas  pressure 
and  operating  voltage  of  the  lamp  to  a  practical  level.  The  original 
arc  is  struck  through  the  ionization  of  this  xenon  gas.  Once  the  arc 
strikes,  the  heat  generated  vaporizes  the  amalgam.  The  impact  of  the 
arc  heats  the  emissive  material  which  supplies  electrons  to  maintain  the 
arc. 

The  HPS  lamps  require  starting  voltages  to  ionize  the  neon  gas  and 
permit  the  arc  to  strike.  The  electrical  field  setup  between  two  elec¬ 
trodes  at  either  end  of  the  bulb  causes  an  emission  of  electrons  which 
develop  a  local  glow  and  ionize  the  starting  gas. 

The  sodium  gradually  vaporizes  and  carries  an  increasing  portion  of 
the  current.  At  the  instant  the  arc  strikes,  the  current  is  high  and 
the  voltage  is  low.  Normal  operating  values  are  reached  after  a  warmup 
period  of  several  minutes,  during  which  the  current  drops  and  the  volt¬ 
age  rises  until  the  arc  attains  a  point  of  stabilization  in  vapor  pres¬ 
sure. 

Each  ballast  must  be  designed  for  the  specific  voltage,  frequency, 
and  lamp  with  which  it  will  be  used.  An  Important  advantage  of  HPS  lamps 
is  their  ability  to  operate  well  over  the  range  of  input  voltages  for 
which  the  ballast  was  designed.  Operation  with  input  voltages  above  or 
below  the  ballast  voltage  range  is  not  recommended.  If  the  supply  volt¬ 
age  is  unusually  low,  the  lamp  may  not  start  or  may  require  a  longer 
time  to  warm  up.  When  the  supply  voltage  is  too  high,  excessive  lamp 
wattage  may  result. 
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HPS  lamps  are  constructed  with  two  bulbs:  an  inner  bulb  or  arc 
tube,  which  contains  the  arc,  and  an  outer  bulb  which  shields  the  arc 
tube  from  changes  in  temperature  and  in  some  cases  acts  as  a  filter  to 
remove  certain  wavelengths  of  the  arc  radiation.  The  ar''  tube  is  made 
of  quartz  in  most  lamps  and  of  hard  glass  in  a  few  of  the  older  types. 
Quartz  permits  a  more  concentrated  source  of  higher  efficiency. 

HPS  lamps  radiate  energy  across  the  visible  spectrum,  and  the  light 
input  produced  is  golden  white  in  color  with  all  frequencies  visible  to 
the  human  eye  present.  These  lamps  have  efficacies  of  60  to  140  lumens/W, 
depending  on  the  size  of  the  bulb.  Increasing  the  sodium  pressure  in¬ 
creases  the  percentage  of  red  radiation  and  thus  improves  color  rendition. 

ROSHOK  HPS  Lamp 

The  ROSHOK  N-H035LE  HPS  Luminaire  (Figures  4  and  5)  with  sun  sensor 
inhibitor  is  designed  to  provide  outdoor  wall-wash  illumination,  using  a 
low  voltage  DC  power  source.  A  switch  selects  either  a  high  or  low  out¬ 
put  light  level. 

A  ROSHOK  solid-state  ballast  system  properly  operates  the  35-watt 
HPS.  The  ballast  system  performs  all  necessary  functions  to  start  the 
lamp,  to  match  an  acceptable  wide  voltage  range  input  into  the  ballast 
to  the  lamp  requirements,  and  to  precisely  control  power  for  an  ideal 
lamp/ballast  characteristic  as  recommended  by  the  lamp  manufacturer  for 
long  life  and  proper  operation.  The  solid-state  ballast  efficiently 
changes  the  low  DC  input  voltage  (18-55  VDC)  into  a  high  frequency  out¬ 
put  with  precisely  regulated  power  at  the  lamp. 

All  printed  circuit  boards  are  humisealed  as  protection  against 
moisture  and  corrosion.  The  housing  and  controls  are  RTV-sealed  to  pre¬ 
vent  moisture  from  entering.  To  ensure  the  integrity  of  the  seals,  only 
the  front  glass  panels  are  opened  for  relamping.  Two  release  levers  are 
provided  on  the  front  panel  for  opening  and  closing. 

The  lamp  meets  the  following  specifications  and  operating  charac¬ 
teristics: 


Input 

Safe  limits 
Operating  range 
Lamp  inhibits  to  standby 
Standby  current  (max) 
Reverse  polarity 
Operating  power 


Hookup 


0  to  +60  VDC 

+20  to  +52  VDC 

<18  VDC;  >55  VDC 

2mA  @  20  VDC;  4mA  @  40  VDC 

Shorts  input  (20  ampere  capacity) 

25-50  watts  depending  on  input  voltage 
and  brightness  switch  selection;  lowest 
power  dissipation  at  largest  input  voltage, 
Red  (+) ;  black  (-) ;  and  case  ground. 


Lamp  System 

Lamp 

Socket 

Housing 

Starting  pulse 

Weight 

Dimensions 

Mounting 


High  Pressure  Sodium,  GE  LU35/MED 
Medium  (MED)  base 

Modified  Keene  fixture  Cat.  No.  CT-500  Series 
Approximately  1  sec,  several  pulses  may  be 
necessary  to  restrike 
11  pounds 
6  x  9  x  9  in. 

Any  orientation 


High  power,  35-watt  lamp  output 
Low  power,  20-watt  lamp  output 
Adjust  sensitivity  by  moving  metal  clip. 
Blockage  of  sun  sensor  turns  lamp  on  sooner; 
off  later.  Put  very  dark  tape  over  sun 
sensor  if  daylight  operation  is  desired. 


Suitable  for  wet  outdoor  installation 
-40°  to  +55°C 

The  lamp  was  designed  for  easy,  rapid  installation  as  well  as  high 
efficiency  operation  attendant  with  the  HPS  bulb.  ROSHOK  designed  a 
DC/DC  power  conditioning  unit  to  drive  a  standard  ROSHOK  ballast.  Both 
electrical  components  are  integrally  contained  within  the  lamp  enclosure. 
With  this  ballast  design,  the  DC  power  available  from  the  PPS  is  supplied 
directly  to  the  lamp.  An  inverter  need  not  be  placed  in  the  powerline 
as  is  required  by  other  commercially  available  HPS  lamps.  The  electrical 
installation  merely  involves  connecting  two  power  leads  (Figures  4  and  5) 
with  proper  polarity.  The  lamp  housing  is  mounted  with  a  standard  3/4-inch 
electrical  conduit  which  allows  the  lamp  to  rotate  through  360  degrees 
about  the  azimuth  plane  and  180  degrees  through  the  polar  plane.  A  sun 
switch  to  turn  the  lamp  on  at  dusk  and  off  at  dawn  is  indicated  by  the 
finger  in  Figure  5,  and  there  is  no  need  to  hook  up  an  external  sun  switch, 
making  for  a  more  convenient  installation.  Also  seen  in  Figure  5  is  a 
switch  for  high  or  low  light  intensity  operation. 

The  lamp  can  operate  at  input  voltages  from  20  to  52  VDC,  Opera¬ 
tional  tests  were  done  at  NCEL  by  driving  the  lamp  with  the  PPS  config¬ 
ured  to  a  24-VDC  system.  Sizing  analyses  showed  that  the  lamp  would 
need  200  AH  at  24  VDC  of  battery  storage  and  about  150  peak  Watts  of  PV 
array  to  operate  the  lamp.  The  PPS  was  configured  as  shown  in  Figure  6 
to  meet  this  requirement.  The  Delco  1150  batteries  provide  210  AH  of 
storage,  and  the  ARCO  Solar  ASI  16-1200  modules  will  provide  150  watts 
at  peak  sun.  The  batteries  are  protected  from  overcharge  by  an  ARCO 
Solar  universal  charge  controller  (UCC) . 

The  PPS  was  instrumented  to  monitor  system  performance.  Current 
shunts  were  placed  in  the  grounded  leads,  negative  pole,  on  the  battery 
charge  circuit  and  the  lamp  load  circuit  to  quantify  the  charge  and  load 
currents.  Battery  voltage  was  recorded,  and  insulation  was  monitored  by 
a  Rho  Sigma  PV  pyranometer.  The  instrumentation  setup  is  also  shown  in 
Figure  6. 

Recorded  data  indicate  the  lamp  current  draw  varied  from  2.35  to 
2.6  amperes  from  dusk  to  dawn.  The  battery  voltage  accordingly  varied 
from  24  to  23.2  VDC.  The  corresponding  power  draw  by  the  lamp  was  56.4 
to  60.3  watts.  The  power  drain  is  higher  than  the  expected  50-watt  load 
for  the  ROSHOK  lamp.  The  lamp  has  a  General  Electric  35-watt  HPS  bulb, 
and  the  power  supply  circuitry  and  ballast  were  expected  to  draw  about 
15  watts.  Although  the  instrumentation  setup  draws  some  power  at  the 
current  shunts  (about  0.8  watts  are  dissipated  by  the  shunt  in  the  load 
line),  it  can  be  concluded  that  the  lamp  circuit  and  bulb  present  a  load 


Controls  (Rear  mounted) 
Brightness  Toggle  Switch 
H 
L 

Sun  Sensor 


Ambient  Environment 
Sealed  unit 
Temperature 
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of  about  60  watts  to  the  PPS*  This  would  indicate  that  the  PPS  config¬ 
ured  tor  a  50-watt  load  is  somewhat  undersized  and  will  likely  not  be 
able  to  power  the  lamp  through  the  longer  nights  of  the  winter  season. 

To  meet  the  60-watt  nighttime  load,  the  PPS  will  be  reconfigured  in  fu¬ 
ture  tests  to  10  PV  modules  and  six  batteries. 

The  lamp  tested  at  NCEL  has  performed  in  an  acceptable  manner 
throughout  the  test  period.  The  density  of  the  luminous  flux  (illumi¬ 
nance)  incident  on  the  simulated  door  and  emanating  from  the  lamp  was 
measured  by  a  Weston  footcandle  meter  model  614.  Illuminance  was  mea¬ 
sured  on  the  vertical  surface  on  which  the  lamp  was  mounted  and  on  the 
ground  immediately  below  the  lamp.  The  spatial  distribution  in  foot- 
candles  (fc)  is  depicted  in  Figure  7  for  the  illuminance  on  the  vertical 
surface  (x-y  plane)  and  on  the  ground  (x-z  plane) .  The  lamp  is  hung 
over  the  door  and  is  canted  slightly  back  toward  the  door.  The  unit 
normal  between  the  door  and  the  face  of  the  lamp  is  about  75  degrees.  A 
relatively  high  illuminance  (34  fc)  was  measured  close  to  the  lamp  as 
this  location  is  well  within  the  directed  beam  of  the  lamp.  The  illumi¬ 
nance  quickly  falls  to  3  fc  at  the  midpoint  of  the  door  and  diminishes 
to  1  fc  at  the  2-foot  elevation.  This  occurs  principally  because  cosine 
losses  become  significant  at  these  lower  elevations.  The  illuminance  is 
higher  on  the  x-z  plane  because  the  cosine  losses  are  not  nearly  as  pro¬ 
nounced  in  this  plane.  These  data  clearly  show  that  greater  illuminance 
can  be  attained  if  the  lamp  can  be  displaced  away  from  the  door  along 
the  positive  z-axis  and  oriented  to  shine  back  onto  the  door  as  this 
will  reduce  cosine  losses. 

A  nighttime  photo  taken  with  high  speed  black  and  white  film  of  the 
illumination  pattern  given  off  by  the  lamp  is  shown  in  Figure  8.  Although 
illuminar.ee  cannot  be  quantified  from  Figure  8,  it  does  give  an  indication 
of  the  definition  of  light  patterns  available  with  the  lamp. 

NAVSEA  specifications  for  physical  security  illumination  calls  for 
a  minimum  light  level  of  0.2  fc  on  vertical  surfaces.  Data  in  Figure  7 
show  that  the  ROSHOK  HPS  lamp  meets  this  minimum  requirement.  However, 
the  data  were  taken  with  a  light  meter  that  did  not  have  sufficient  sen¬ 
sitivity  to  define  accurately  the  variation  in  illuminance  across  the 
door.  NCEL  has  initiated  procurement  of  a  more  sensitive  light  meter 
that  can  measure  luminance  (light  reflected  from  the  surface  to  be  ob¬ 
served)  with  an  accuracy  of  hundredths  of  foot-candles  over  a  range  from 
0.01  to  20.00  fc.  Further  tests  will  better  define  the  lumination  of 
these  lamps. 

ROSHOK  delivered  five  HPS  lamps  to  NCEL  in  February  1982.  One  lamp 
has  been  operating  continuously  on  PV  power  at  NCEL  from  April  to  Septem¬ 
ber  1982.  However,  the  other  four  lamps  have  failed  due  primarily  to  a 
high  current,  field-effect  transistor  (FET)  used  in  the  DC/DC  power  sup¬ 
ply  which  is  designed  to  drive  the  ballast  with  DC  power  directly  from 
the  PPS.  The  FET  tends  to  burn  out  if  it  is  not  protected  from  current 
flow  at  low  voltages.  The  ballast  will  draw  high  currents  at  low  volt¬ 
ages  which  in  turn  overheats  the  FET.  Although  the  lamps  will  operate 
with  this,  power  supply  configuration,  ROSHOK  has  considered  other  cir¬ 
cuits  to  adapt  the  HPS  lamps  to  PPS.  Second-generation  DC  circuits  for 
the  DC  power  supply  are  appropriate  in  further  lamp  procurements. 
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PPS  Cost  for  Magazine  Lighting 


Photovoltaics  can  provide  reliable  power  to  remote  high  priority 
loads  where  the  low  maintenance  attributes  of  PV  are  valuable.  However, 
costs  for  PV  are  high.  The  costs  of  installed  PPS  to  serve  remote, 
stand-alone  loads  for  which  the  Navy  has  contracted  are  today  at  about 
$15  to  $25  per  peak  watt  of  PV  power,  depending  primarily  on  the  diffi¬ 
culty  of  the  installation.  Access  to  very  remote  sites  (mountain  tops, 
for  instance)  drive  the  cost  up  dramatically.  Based  on  this  criteria, 
the  200-peak-watt  PPS  recommended  for  the  ROSHOK  BPS  lamp  can  be  expec¬ 
ted  to  cost  about  $3,000,  which  is  at  the  lower  end  of  the  cost  range, 
because  all  magazines  have  road  access  and  thus  cannot  be  considered 
truly  remote  sites.  Also,  the  cost  of  PV  has  dropped  sharply  in  the 
last  5  years,  and  further  drops  are  expected  by  industry  and  government 
officials.  As  the  physical  security  upgrades  at  Navy  magazines  for  A,A&E 
will  apparently  take  place  over  the  next  several  years,  the  cost  of  PPS 
for  magazine  entry  lighting  can  be  expected  to  become  more  competitive 
with  conventional  power. 

It  is  difficult  to  make  meaningful  comparisons  of  the  cost  of  PV- 
powered  security  lighting  systems  with  grid-powered  systems  because  the 
total  cost  of  making  grid  power  available  to  magazine  sites  depends  to  a 
large  degree  on  the  distance  over  which  powerlines  must  be  installed. 
However,  the  requirement  that  powerlines  must  be  installed  in  trenches 
within  50  feet  of  magazines  offers  a  starting  point  for  estimating  the 
cost  for  grid  installation.  As  reported  in  the  BACKGROUND  section  of 
this  document,  trenched  powerlines  will  cost  about  $500/magazine .  If  an 
IDS  is  installed  at  each  magazine  as  well  as  lights,  a  DC  power  supply 
must  be  provided  for  each  magazine.  This  would  cost  at  least  $200/ 
magazine.  On  the  other  hand,  with  PPS,  the  cost  of  DC  power  supplies  is 
circumvented  because  PV  power  is  DC  itself.  Added  to  costs  for  the 
trenched  powerlines  and  IDS  installation  is  the  expense  of  installing 
overhead  powerlines  from  the  existing  grid  to  the  magazine  site  as  well 
as  transforming  banks  to  make  the  high  KVA  grid  power  available  to  con¬ 
ventional  lamps  and  DC  power  supplies  for  IDS.  Overhead  lines  and  the 
attendant  transformers  are  an  unknown  but  certainly  are  substantial  cost 
items  for  all  magazine  complexes  that  are  at  considerable  distances  from 
the  power  grid.  The  total  cost  would  be  spread  over  the  installation 
cost  of  all  magazines  in  the  complex  ($700  plus  cost  of  overhead  lines 
and  the  t ransf ormers) .  Total  cost,  including  installation  for  the  PPS, 
is  $3,000,  as  indicated  earlier. 


CONCLUSIONS  AND  RECOMMENDATIONS 

HPS  lamps  are  very  efficient  converters  of  electrical  energy  into 
light.  Tests  performed  at  NCEL  have  shown  that  it  is  feasible  to  operate 
HPS  lamps  with  DC  power  available  from  PPS.  Further  testing  of  HPS  lamps 
throughout  all  seasons  is  required  to  confirm  sizing  methodologies. 

More  lengthy  field  tests  of  HPS  lamps/PPS  systems  will  offer  additional 
support  for  durability  of  this  lamp  in  the  field. 

The  cost  of  PV  has  decreased  in  the  past,  and  further  price  declines 
are  expected,  which  makes  use  of  PPS  for  magazine  security  more  attrac¬ 
tive  in  the  future  as  the  major  portion  of  Navy  physical  security  up¬ 
grades  at  A,A&E  magazines  is  carried  out. 
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Figure  4.  ROSHOK  lamp  with  3  5-watt  UPS  bulb. 


Figure  5.  ROSHOK  HPS  lamp  controls. 
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Maint.  Corn.  Dir.,  Fallon  NV;  PWD  Maint.  Div.,  New  Orleans,  Belle  Chasse  LA;  PWD.  Code  1821H 
(Pfankuch)  Miramar,  SD  CA;  PWD,  Maintenance  Control  Dir.,  Bermuda;  PWD,  Willow  Grove  PA;  PWO 
Belle  Chasse,  LA;  PWO  Chase  Field  Beeville,  TX;  PWO  Key  West  FL;  PWO  Lakehurst.  NJ;  PWO  Sigonella 
Sicily;  PWO  Whiting  Fid,  Milton  FL;  PWO,  Dallas  TX;  PWO,  Glenview  IL;  PWO,  Kingsville  TX;  PWO, 
Millington  TN;  PWO,  Miramar.  San  Diego  CA;  PWO..  Moffett  Field  CA;  SCE  Norfolk.  VA;  SCE.  Barbers 
Point  HI;  SCE,  Cubi  Point,  R.P;  Security  Offr,  Alameda  CA;  Weapons  Offr,  Alameda,  CA;  Weapons  Offr, 
North  Island;  Wpns  Offr,  Cecil  Fid,  FL 
NATL  RESEARCH  COUNCIL  Naval  Studies  Board,  Washington  DC 
NAVACT  PWO,  London  UK 
NAVAEROSPREGMEDCEN  SCE,  Pensacola  FL 

NAVAIRDEVCEN  Chmielewski,  Warminster,  PA;  Code  813.  Warminster  PA;  PWD,  Engr  Div  Mgr, 

Warminster.  PA 

NAVAIRPROPTESTCEN  CO,  Trenton,  NJ 
NAVAIRSYSCOM  PMA  258  Washington.  DC 

NAVAVIONICFAC  PW  Div  Indianapolis,  IN,  PWD  Deputy  Dir.  D/701,  Indianapolis.  IN 
NAVAVNWPNSFAC  Wpns  Offr,  St.  Mawgan,  England 
NAVCHAPGRU  Engineering  Officer.  Code  60  Williamsburg,  VA 

NAVCOASTSYSCEN  CO.  Panama  City  FL;  Code  423  Panama  City,  FL;  Code  715  (J  Quirk)  Panama  City,  FL; 
Library  Panama  City,  FL;  PWO  Panama  City,  FL 

NAVCOMMAREAMSTRSTA  Code  W-60.  Elec  Engr.  Wahiawa.  HI;  PWO.  Norfolk  VA;  SCE  Unit  J  Naples 
Italy;  SCE,  Wahiawa  HI 

NAVCOMMSTA  CO.  San  Miguel,  R.P.;  Code  401  Nea  Makri,  Greece;  PWD  *  Maint  Control  Div,  Diego 
Garcia  Is.;  PWO.  Exmouth,  Australia;  SCE.  Balboa,  CZ 
NAVCONSTRACEN  Code  0UU15,  Port  Hueneme  CA;  Curriculum/I nstr.  Stds  Offr.  Gulfport  MS 
NAVEDTRAPRODEVCEN  Technical  Library,  Pensacola,  FL 
NAVEDUTRACEN  Engr  Dept  (Code  42)  Newport,  RI 

NAVENENVSA  Code  11  Port  Hueneme,  CA,  Code  UlA  (Winters)  Port  Hueneme  CA 
NAVEODTECHCEN  Code  605.  Indian  Head  MD 

NAVFAC  PWO.  Brawdy  Wales  UK;  PWO,  Centerville  Bch,  Ferndale  CA;  PWO.  Point  Sur.  Big  Sur  CA 
NAVFACENGCOM  Alexandria,  VA;  Code  03  Alexandria.  VA;  Code  03T  (Essoglou)  Alexandria.  VA;  Code 
0451  (P  W  Brewer)  Alexandria,  Va;  Code  0451,  Alexandria.  VA;  Code  04AI  Alexandria.  VA;  Code  04B3 
Alexandria,  VA;  Code  051 A  Alexandria,  VA;  Code  09M54.  Tech  Lib,  Alexandria.  VA;  Code  100 
Alexandria,  VA;  Code  1113,  Alexandria.  VA;  Code  1 1  IB  Alexandria.  VA;  code  (J8T  Alexandria.  VA 
NAVFACENGCOM  -  CHES  DIV.  Code  10/11  Washington  DC;  Code  101  Wash,  DC;  Code  403  Washington 
DC;  Code  405  Wash,  DC;  FPO-1  Washington,  DC;  Library,  Washington.  D  C 
NAVFACENGCOM  -  LANT  DIV.  Code  04  Norfolk  VA  Norfolk  VA;  Code  111,  Norfolk,  VA;  Code  403. 
Norfolk.  VA;  Code  405  Civil  Engr  BR  Norfolk  VA;  Eur.  BR  Deputy  Dir,  Naples  Italy;  Library.  Norfolk. 
VA;  RDT&ELO  I02A.  Norfolk,  VA 

NAVFACENGCOM  -  NORTH  DIV.  CO;  Code  04  Philadelphia,  PA;  Code  09P  Philadelphia  PA 
NAVCOMMUNIT  CO.  Cutler.  East  Machias,  ME 

NAVFACENGCOM  -  NORTH  DIV.  Code  111  Philadelphia,  PA;  Code  04AL.  Philadelphia  PA;  ROICC, 
Contracts,  Crane  IN 

NAVFACENGCOM  -  PAC  DIV.  (Kyi)  Code  101,  Pearl  Harbor,  HI;  CODE  09P  PEARL  HARBOR  HI;  Code 
04  Pearl  Harbor  HI;  Code  11  Pearl  Harbor  HI;  Code  2011  Pearl  Harbor.  HI;  Code  402,  RDT&E.  Pearl 
Harbor  HI;  Commander,  Pearl  Harbor,  HI;  Library,  Pearl  Harbor,  HI 
NAVFACENGCOM  *  SOUTH  DIV.  Code  04,  Charleston,  SC;  Code  09  (Watts)  Charleston.  SC;  Code  11, 
Charleston,  SC;  Code  403.  Gaddy,  Charleston.  SC;  Code  90,  RDT&ELO,  Charleston  SC;  Library. 

Charleston,  SC' 


NAVFACENGCOM  -  WEST  DIV.  102;  AROICC,  Contracts,  Twentynine  Palms  CA;  Code  04,  San  Bruno,  CA; 
Code  04B  San  Bruno,  CA;  Code  402  San  Bruno.  CA;  Library.  San  Bruno,  CA;  O9P/20  San  Bruno.  CA; 
RDT&ELO  San  Bruno,  CA 

NAVFACENGCOM  CONTRACTS  AROICC,  NAVSTA  Brooklyn,  NY;  AROICC.  Quantico.  VA;  Colts  Neck. 
NJ;  Contracts,  AROICC,  Lemoore  CA;  Dir,  Eng.  Div.,  Exmouth.  Australia;  Eng  Div  dir.  Southwest  Pac, 
Manila.  PI;  OICC,  Southwest  Pac.  Manila,  PI;  OlCC-ROICC,  NAS  Oceana,  Virginia  Beach.  VA; 
OICC/ROICC,  Balboa  Panama  Canal;  ROICC  AF  Guam;  ROICC  Code  405  Portsmouth  VA;  ROIC'C  Key 
West  FL;  ROICC,  Keflavik,  Iceland;  ROICC,  NAS,  Corpus  Christi,  TX;  ROIC'C.  Pacific,  San  Bruno  C'A; 
ROICC.  Point  Mugu,  CA;  ROICC.  Yap;  ROICCOICC-SPA,  Norfolk.  VA 
NAVHOSP  PWD  -  Engr  Div,  Beaufort,  SC 

NAVMAG  PWD  -  Engr  Div,  Guam;  SCE.  Guam;  SCE,  Subic  Bay.  R.P. 

NAVOCEANSYSCEN  Code  4473  Bayside  Library,  San  Diego.  CA;  Code  4473B  (Tech  Lib)  San  Diego,  CA; 

Code  523  (Hurley),  San  Diego,  CA;  Code  6700,  San  Diego,  CA;  Code  811  San  Diego,  CA 
NAVORDMISTESTFAC  PWD  -  Engr  Dir,  White  Sands.  NM 
NAVORDSTA  PWO,  Louisville  KY 
NAVPETOFF  Code  30,  Alexandria  VA 
NAVPETRES  Director,  Washington  DC 

NAVPHIBASE  CO,  ACB  2  Norfolk.  VA;  Code  S3T.  Norfolk  VA;  SCE  Coronado,  SD.CA 
NAVRADRECFAC  PWO,  Kami  Seya  Japan 
NAVREGMEDCEN  Chief  of  Police,  Camp  Pendleton  CA 
NAVHOSP  CO,  Millington,  TN 

NAVREGMEDCEN  PWD  -  Engr  Div,  Camp  Lejeune.  NC;  PWO  Portsmouth,  VA;  PWO.  Camp  Lejeune.  NC 
NAVREGMEDCEN  PWO.  Okinawa,  Japan 

NAVREGMEDCEN  SCE;  SCE  San  Diego.  CA;  SCE,  Camp  Pendleton  CA;  SCE,  Guam;  SCE.  Newport.  RI; 
SCE.  Oakland  CA 

NAVREGMEDCEN  SCE,  Yokosuka.  Japan 

NAVSCOLCECOFF  C35  Port  Hueneme,  CA;  CO,  Code  C44A  Port  Hueneme,  CA 
NAVSCSOL  PWO,  Athens  GA 

NAVSEASYSCOM  Code  05L213  (Newhouse)  Wash  DC;  Code  62T2.  Wash  DC;  Code  PMS  395  A  3. 

Washington,  DC;  SEA  04E  (L  Kess)  Washington,  DC;  SEA  05L213,  Washington.  DC;  SEA-04H.  Wash  DC' 
NAVSECGRUACT  PWO,  Adak  AK;  PWO.  Edzell  Scotland;  PWO.  Puerto  Rico;  PWO,  Torri  Sta.  Okinawa 
NAVSECSTA  PWD  -  Engr  Div.  Wash.,  DC 
NAVSHIPREPFAC  SCE  Subic  Bay 

NAVSHIPYD  Bremerton,  WA  (Carr  Inlet  Acoustic  Range);  Code  202.4,  Long  Beach  CA;  Code  202.5 

(Library)  Puget  Sound.  Bremerton  WA;  Code  380,  Portsmouth,  VA;  Code  382.3.  Pearl  Harbor.  HI;  Code 
400,  Puget  Sound;  Code  410,  Mare  Is.,  Vallejo  CA;  Code  440  Portsmouth  NH;  Code  440.  Norfolk;  Code 
440,  Puget  Sound,  Bremerton  WA;  Code  453  (Util.  Supr),  Vallejo  CA;  L.D.  Vivian;  Library.  Portsmouth 
NH;  PW  Dept,  Long  Beach,  CA;  PWD  (Code  420)  Dir  Portsmouth,  VA;  PWD  (Code  450-HD)  Portsmouth, 
VA,  PWD  (Code  453-HD)  SHPO  03.  Portsmouth.  VA;  PWD  (Code  460)  Portsmouth.  VA:  PWO. 

Bremerton,  WA;  PWO,  Mare  Is.;  PWO,  Puget  Sound;  SCE,  Pearl  Harbor  HI;  Tech  Library.  Vallejo,  C'A 
NAVSTA  Adak,  AK;  CO  Roosevelt  Roads  P.R.  Puerto  Rico;  CO,  Brooklyn  NY;  Code  4.  12  Marine  Corps 
Dist.  Treasure  Is.,  San  Francisco  CA;  Dir  Engr  Div,  PWD,  Mayport  FL;  Engr.  Dir..  Rota  Spain;  Long 
Beach,  CA;  Maint.  Cont.  Div.,  Guantanamo  Bay  Cuba;  PWD  -  Engr  Dept.  Adak.  AK;  PWD  -  Engr  Div. 
Midway  Is.;  PWO,  Keflavik  Iceland;  PWO,  Mayport  FL;  SC'E.  Guam;  SCE.  Pearl  Harbor  HI;  SCE,  San 
Diego  CA;  SCE,  Subic  Bay,  R.P.;  Utilities  Engr  Off.  Rota  Spain 
NAVSUBASE  SCE,  Pearl  Harbor  HI 
NAVSUPPACT  CO,  Naples,  Italy,  PWO  Naples  Italy 
NAVSUPPFAC  PWD  •  Maint.  Control  Div.  Thurmom.  MD 
NAVSUPPO  PWO,  La  Maddalena.  Italy 
NAVSURFWPNCEN  PWO,  White  Oak.  Silver  Spring.  MD 
NAVTECHTRACEN  SCE,  Pensacola  FL 
NAVTELCOMMCOM  Code  53,  Washington,  DC 

NAVWPNCEN  Code  24  (Dir  Safe  &  Sec)  China  Lake.  CA;  Code  2636  China  Lake;  Cmdr.  China  Lake.  CA; 
Code  26605  China  Lake  CA;  Code  3276  China  Lake,  CA;  Code  623  China  Lake  CA;  PWO  (Code  266)  China 
Lake.  CA;  ROICC  (Code  702),  China  Lake  CA 
NAVWPNEVALFAC  Technical  Library,  Albuquerque  NM 

NAVWPNSTA  (Ciebak)  Colts  Neck,  NJ;  Code  09,  Concord.  C'A;  Code  092,  Colts  Neck  NJ;  (ode  092.  Concord 
CA;  Code  092A,  Seal  Beach,  CA;  Maint.  Control  Dir.,  Yorktown  VA;  Nav  Wpns  Hndlng  Ccn  (Code  8052) 
Colts  Neck  NJ 

NAVWPNSTA  PW  Office  Yorktown,  VA 

NAVWPNSTA  PWD  -  Maint.  Control  Div.,  Concord,  CA;  PWD  •  Supr  Gen  Engr.  Seal  Beach.  CA;  PWO. 

Charleston,  SC;  PWO,  Seal  Beach  CA;  Safety  Br,  Concord,  CA;  Security  Offr,  Concord  CA 
NAVWPNSUPPCEN  Code  09  Crane  IN 
NCBU  405  OIC,  San  Diego,  CA 
NCTC  Const.  Elec.  School,  Port  Hueneme,  CA 
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NCBC  Code  10  Davisville,  RI;  Code  15.  Port  Hueneme  CA;  Code  155.  Port  Hueneme  CA;  Code  156.  Port 
Hueneme,  CA;  Code  25111  Port  Hueneme.  CA;  Code  400.  Gulfport  MS;  Code  430  (PW  Engmg)  Gulfport. 
MS;  Code  470.2.  Gulfport,  MS;  NEESA  Code  252  (P  Winters)  Port  Hueneme.  CA;  PWO  (Code  80)  Port 
Hueneme.  CA;  PWO,  Davisville  RI;  PWO,  Gulfport.  MS 
NCBU  411  OIC,  Norfolk  VA 
NCR  20,  Code  R70;  20.  Commander 

NMCB  3,  SWC  D.  Wellington;  FIVE,  Operations  Dept;  Forty.  CO;  THREE.  Operations  Off. 

NO  A  A  (Mr.  Joseph  Vadus)  Rockville,  MD;  Library  Rockville.  MD 
NORDA  Code  440  (Ocean  Rsch  Off)  Bay  St.  Louis  MS 
NRL  Code  5800  Washington,  DC 

NSC  Code  44  (Security  Officer)  Oakland.  CA;  Code  54.1  Norfolk.  VA;  Security  Offr.  Hawaii 

NSD  SCE,  Subic  Bay,  R  P 

NSWSES  Code  0150  Port  Hueneme.  CA 

NTSB  Chairman,  Wash  DC 

NUSC  DET  Code  131  New  London,  CT;  Code  4111  (R  B  MacDonald)  New  London  CT;  Code  5202  (S.  Schadv) 
New  London,  CT;  Code  EA123  (R.S.  Munn),  New  London  CT;  Code  SB  331  (Brown),  Newport  RI 
OFFICE  SECRETARY  OF  DEFENSE  OASD  (MRA&L)  Dir.  of  Energy.  Pentagon.  Washington.  DC 
ONR  Code  221.  Arlington  VA;  Code  700F  Arlington  VA 
PACMISRANFAC  HI  Area  Bkg  Sands,  PWO  Kekaha.  Kauai.  HI 
PHIBCB  1  P&E.  San  Diego.  CA 

PMTC  Code  3331  (S.  Opatowsky)  Point  Mugu.  CA;  EOD  Mobile  Unit,  Point  Mugu.  CA 
PWC  ACE  Office  Norfolk.  VA;  CO  Norfolk.  VA;  CO.  (Code  10),  Oakland,  CA;  CO.  Great  Lakes  IL;  CO, 
Pearl  Harbor  HI;  Code  10,  Great  Lakes,  IL;  Code  105  Oakland.  CA;  Code  110,  Great  Lakes.  IL;  Code  110. 
Oakland.  CA;  Code  120,  Oakland  CA;  Code  128,  Guam;  Code  154  (Library),  Great  Lakes.  IL;  Code  200. 
Great  Lakes  IL;  Code  400.  Great  Lakes.  IL;  Code  400,  Pearl  Harbor.  HI;  Code  400.  San  Diego.  CA;  Code 
420,  Great  Lakes,  IL;  Code  420,  Oakland,  CA;  Code  424,  Norfolk,  VA;  Code  500  Norfolk.  VA;  Code  505A 
Oakland.  CA;  Code  600.  Great  Lakes,  IL;  Code  610,  San  Diego  Ca;  Code  700,  Great  Lakes.  IL;  Library, 
Code  120C,  San  Diego,  CA;  Library,  Guam;  Library,  Norfolk,  VA;  Library.  Pearl  Harbor,  HI;  Library. 
Pensacola.  FL;  Library.  Subic  Bay.  R.P  ;  Library,  Yokosuka  JA;  Util  Dept  (R  Pascua)  Pearl  Harbor,  HI. 
Utilities  Officer,  Guam 
SPCC  PWO  (Code  120)  Mechanicsburg  PA 
SUPANX  PWO,  Williamsburg  VA 
TV  A  Solar  Group,  Arnold.  Knoxville.  TN 
UCT  ONE  OIC.  Norfolk,  VA 
USAF  REGIONAL  HOSPITAL  Fairchild  AFB,  WA 

US  GEOLOGICAL  SURVEY  (Chas  E.  Smith)  Minerals  Mgmt  Serv.  Reston,  VA 
USCG  G-EOE-4  (T  Dowd),  Washington.  DC;  G-MMT-4/82  (J  Spencer) 

USCG  R&D  CENTER  D  Motherway,  Groton  CT 

USD  A  Forest  Service  Reg  3  (R.  Brown)  Albuquerque,  NM;  Forest  Service,  San  Dimas.  CA 
USNA  Ch.  Mech.  Engr.  Dept  Annapolis  MD;  ENGRNG  Div,  PWD,  Annapolis  MD;  Energy-Environ  Study 
Grp,  Annapolis.  MD;  Environ.  Prot.  R&D  Prog.  (J.  Williams),  Annapolis  MD;  Mech.  Engr.  Dept  (C. 

Wu),  Annapolis  MD;  USNA/SYS  ENG  DEPT  ANNAPOLIS  MD 
USS  FULTON  WPNS  Rep  Offr  (W-3)  New  York,  NY 
BROOKHi*  VEN  NATL  LAB  M.  Steinberg,  Upton  NY 
GEORGIA  INSTITUTE  OF  TECHNOLOGY  (LT  R  Johnson)  Atlanta,  GA 
NUSC  DET  Library,  Newport,  RI 
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INSTRUCTIONS 


The  Naval  Gvil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  The  bottom  of  the  label 
on  the  reverse  side  has  several  numbers  listed.  These  numbers  correspond  to  numbers  assigned  to  the  list  of 
Subject  Categories.  Numbers  on  the  label  corresponding  to  those  on  the  list  indicate  the  subject  category  and 
type  of  documents  you  are  presently  receiving.  If  you  are  satisfied,  throw  this  card  away  (or  file  it  for  later 
reference). 

If  you  want  to  change  what  you  are  presently  receiving: 

•  Delete  -  mark  off  number  on  bottom  of  label 

•  Add  -  circle  number  on  list. 

•  Remove  my  name  from  all  your  lists  -  check  box  on  list 

•  Change  my  address  -  line  out  incorrect  line  and  write  in  correction  (DO  NOT  REMOVE  LABEL). 

•  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories  you  select. 

Fold  on  line  below  and  drop  in  the  mail. 

Not*:  Numbtn  on  i*to*4  but  not  lts*d  on  quwtionnair*  *r*  for  NCEL  un  only,  pitaM  ipior*  th*m. 


Pq|(1  on  itne  and  ttaptc 


DEPARTMENT  OF  THE  NAVY 


NAVAL  CIVIL  ENGINECftIMG  LAiON ATONY 
PONT  HUfNCMf.  CALIFONNIA  930*3 


OFFICIAL  BUSINESS 
PENALTY  non  PHI  VATS  use.  SSOO 
I  IMMteSL.STOO/4  <NSV.  11-71) 
OMO-U  ITO  Q*H 


POST  AOS  AND  PESO  PAID 
DEPARTMENT  OF  THE  MAW 
DOD-StO 


Commanding  Officer 
Code  L14 

Navel  Civil  Engineering  Laboratory 
Port  Hueneme,  California  93043 


DISTRIBUTION  QUESTIONNAIRE 


The  Naval  Gvil  Engineering  Laboratory  is  revising  its  primary  distribution  lists. 
Instructions  on  the  reverse  side. 


SUBJECT  CATEGORIES 

1  SHORE  FACILITIES 

2  Construction  methods  and  materials  (including  corrosion 

control,  coatings) 

3  Waterfront  structures  imamtenance/deter  ioration  control! 

4  Utilities  (including  power  conditioning; 

5  Explosives  safety 

6  Construction  equipment  ano  machinery 

7  Fire  prevention  and  control 

8  Antenna  technology 

9  Structural  analysis  and  design  (  nciudmg  numerical  and 

computer  techniques' 

10  Protective  construction  (including  hardened  shelter*. 

shock  and  vibration  studies* 

1 1  Soii/rock  mechanics 

13  BEQ 

14  Airfields  and  pavements 

15  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

16  Bate  facilities  (including  shelter*,  power  generation  water  supplies) 

17  Expedient  roads/airtieids/bndges 

18  Amphibious  operations  (including  breakwaters,  wave  forces) 

19  Over  the- Beach  operations  (including  containerization, 

matenei  transfer  lighterage  ano  cranes' 

20  POL  storage,  transfer  and  distribution 

24  POLAR  ENGINEERING 

24  Sam#  as  Advanced  Basa  and  Amphibious  Facilities, 
except  limited  to  cold-region  environments 


TYPES  OF  DOCUMENTS 

85  Techdata  Sheets  86  Technical  Reports  and  Technical  Notes 

83  Table  of  Contents  &  Index  to  TDS  84  Energy  Forum 


28  ENERGY/POWER  GENERATION 

29  Thermal  conservation  Ithermai  engineering  of  buildings,  HVAC 

systems,  energy  loss  measurement,  power  generation) 

30  Controls  and  electrical  conservation  (electrical  systems. 

energy  monitoring  and  control  systems) 

31  Fuel  flexibility  (liquid  fueu.  coal  utilization,  energy 

from  solid  waste) 

32  Alternate  energy  source  (geothermal  power,  photovoltaic 

power  systems.  solar  systems,  wind  systems,  energy  storage 
systems) 

33  S>te  data  and  systems  integration  (energy  resource  data,  energy 

consumption  data,  integrating  energy  systems) 

34  ENVIRONMENTAL  PROTECTION 

35  Solid  waste  management 

36  Hazardous/toxic  materials  management 

37  Wastewate*  management  and  sanitary  engineering 

38  Oil  pollution  removal  and  recovery 

39  Air  pollution 

40  Norse  abatement 

44  OCEAN  ENGINEERING 

45  Seafloor  soils  and  foundations 

46  Seafloor  construction  systems  and  operations  (including 

diver  and  manipulator  tools) 

47  Undersea  structures  and  material* 

48  Anchors  and  moorings 

49  Undersea  power  systems  electromechanical  cables. 

and  connectors 

50  Pressure  vessel  facilities 

51  Physical  environment  (including  site  surveying) 

52  Ocean-based  concrete  structures 
*>3  Hyperbaric  chambers 

54  Undersea  cable  dynamics 


82  NCEL  Guide  &  Updates 
91  Physical  Security 


L  None— 

remove  my  name 


DEPARTMENT  OF  THE  NAVY 


NAVAL  C*VIL  ENGINEERING  LABORATORY 
PORT  HUENEME.  CALIFORNIA  93043 


OFFICIAL  BUSINESS 

PENALTY  FOR  PRIVATC  USE.  8800 
1  IND-NCEL1700/4  (RBV.  18*78) 
OCS04X-L704044 


1 


I 

I 

I 


I 

I 


Note  Numbers  on  lebei  but  not  listed  ebove  ere  for  NCEL  use,  pieeet  ignore  them. 


